Yeast flocculation is a phenomenon which is believed to result from an interaction between a lectin-like protein and a mannose chain located on the yeast cell surface. The FLO1 gene, which encodes a cell wall protein, is considered to play an important role in yeast flocculation, which is inhibited by mannose but not by glucose (mannose-specific flocculation). A new homologue of FLO1, named Lg-FLO1, was isolated from a flocculent bottom-fermenting yeast strain in which flocculation is inhibited by both mannose and glucose (mannose/glucose-specific flocculation). In order to confirm that both FLO1 and Lg-FLO1 are involved in the yeast flocculation phenomenon, the FLO1 gene in the mannose-specific flocculation strain was replaced by the Lg-FLO1 gene. The transformant in which the Lg-FLO1 gene was incorporated showed the same flocculation phenotype as the mannose/glucose-specific flocculation strain, suggesting that the FLO1 and Lg-FLO1 genes encode mannose-specific and mannose/glucose-specific lectin-like proteins, respectively. Moreover, the sugar recognition sites for these sugars were identified by expressing chimeric FLO1 and Lg-FLO1 genes. It was found that the region from amino acid 196 to amino acid 240 of both gene products is important for flocculation phenotypes. Further mutational analysis of this region suggested that Thr-202 in the Lg-Flo1 protein and Trp-228 in the Flo1 protein are involved in sugar recognition.
Cell adhesion is generally caused by the recognition of sugar chains located on cell surfaces by lectin-like proteins (38) . A similar adhesion phenomenon (flocculation) is also observed in yeast, in which the cells adhere in clumps, resulting in sedimentation from the medium (28) . It is thought that yeast flocculation occurs as a result of an interaction between a sugarbinding protein (lectin-like protein) and a mannose chain present on the yeast cell surface for the following reasons (18) . (i) The flocculation phenomenon is proteinase sensitive, suggesting the contribution of a protein.
(ii) Flocculation is inhibited by the presence of saccharides, such as mannose, suggesting the existence of a protein which recognizes saccharides. (iii) The flocculation phenomenon is Ca 2ϩ dependent, suggesting the existence of a lectin-like protein, such as the C-type animal lectins and lectins of the plant group Leguminosae, which require Ca 2ϩ ion for binding activity (7, 23 ). Stratford and Assinder have classified yeast flocculation types into two groups distinguished by sugar inhibition: the NewFlo phenotype, which is inhibited by mannose, glucose, maltose, and sucrose but not by galactose, and the Flo1 type, which is inhibited by mannose but not by glucose, maltose, sucrose, or galactose (29) . These two distinct phenotypes are thought to be caused by two different lectin-like proteins. Many attempts have been made to isolate the lectin-like protein involved in flocculation. At least two groups have succeeded in purification of mannose-specific lectins from cell surfaces (22, 31) . There is no proof that these lectins are involved in flocculation. On the other hand, it has been reported that yeast flocculation is affected by many genes (27) . One dominant flocculation gene, FLO1, has been cloned from a Flo1-type flocculation strain (32, 36) . This gene was demonstrated to confer Flo1-type flocculation ability on cells (36) and to encode a cell wall protein (2, 5, 21) . Therefore, it is thought that this gene encodes a lectin-like protein involved in flocculation.
In order to clarify the contribution of the FLO1 gene to the yeast flocculation phenomenon, we isolated a new FLO1 homologue, Lg-FLO1, from a NewFlo phenotype strain and replaced the FLO1 gene in a Flo1 phenotype strain with the Lg-FLO1 gene. Here, we show that the FLO1 and Lg-FLO1 genes encode a mannose-specific lectin-like protein and mannose/ glucose-specific lectin-like protein, respectively. The region responsible for sugar recognition in these two gene products is also described.
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MATERIALS AND METHODS

Strains and media.
Saccharomyces pastorianus KBY001 is a bottom-fermenting yeast strain in commercial use. Flocculent and nonflocculent meiotic segregants were obtained from KBY001 according to the method described by Bilinski et al. (4) . Saccharomyces cerevisiae KY644, which had a FLO1 gene disrupted by insertion of pRS405 (Stratagene), was constructed from YF191 (a ura3 ade2 leu2 FLO8) (13) and used as a host to introduce the full-length Lg-FLO1 or FLO1 gene. S. cerevisiae KY794 was also constructed from YF191 by replacement of the sequence from position ϩ1 to position ϩ3997 to the open reading frame of the FLO1 gene with pRS405 and used as a host to express the FLO1/Lg-FLO1 chimeric genes.
YPD medium and SD medium containing amino acid supplements were used for yeast cultivation under nonselective and selective conditions, respectively. Both media were prepared according to the method of Sherman et al. (24) , except that 2% glucose was replaced by 5% galactose. E. coli was grown in LB medium (19) .
Plasmids and transformation. A YCp-type plasmid, pYT71, in which the APH3ЈII gene of pUC4K (Pharmacia) controlled by the TDH3 promoter (17) was inserted into pYT37 (13) , was used as a vector for the cloning of the full-length Lg-FLO1 gene. pKB635, in which the full-length FLO1 gene of ATCC 60715 is inserted into pYT37, was obtained from a genomic library described previously (13) on the basis of homology between this gene and the FLO1 gene of ABXL-1D (32) and used for the expression of the Lg-FL01 gene. For the expression of a series of the FLO1/Lg-FLO1 chimeric gene, a YEp-type plasmid, GPDF1YEp (Fig. 1) , which contains the ColE1 origin from pBR322, the 2 m origin, and the CYC1 terminator from pYES2.0 (Invitrogen), was used. In the FLO1 gene in GPDF1YEp, the KpnI site encoding amino acid residues 240 and 241 of the Flo1 protein was replaced by the BamHI site by a recombinant PCR technique (35) and is controlled by the TDH3 promoter from YEp13K (26) . All FLO1/Lg-FLO1 chimeric genes were constructed by amplification of a 240-amino-acid N-terminal region by a recombinant PCR technique, a region that was then substituted for the corresponding region in GPDF1YEp with the HindIII-BamHI site. The N termini of the chimeras were amplified by PCR, and their DNA sequences were determined directly to confirm the constructions. The FLO1/Lg-FLO1 chimeras with amino acid substitutions were constructed in the same way as the FLO1/Lg-FLO1 chimera, with a primer having the following sequence: 5Ј GCG GGA TCC ATC TGG CAA TRY CAC ACT AAC AGG AAG TST ASC CMA GRM TMY AGC ATT TGA ATA AAC AAT TTT 3Ј.
All plasmids, except for pKB635, containing the functional Lg-FLO1, FLO1, or its modified genes were constructed in yeast cells directly because of the instability of these genes in Escherichia coli. Construction of these plasmids was confirmed by Southern analysis or a combination of PCR and DNA sequencing. For every construction of the FLO1/Lg-FLO1 chimeric genes, except for those with amino acid substitutions, at least two transformants containing the proper construct were selected and tested.
E. coli transformation was carried out as described by Hanahan (10) . Transformation of yeast was carried out by the lithium acetate procedure (12) .
Flocculation assay. Cells grown for 48 h at 20°C with shaking were harvested and washed twice with 0.1 M EDTA and twice with sterile water. The flocculation assay was performed according to the method described by Smit et al., with some modifications (25) . Cells were resuspended in 3 ml of flocculation buffer (50 mM sodium acetate, 0.1% CaCl 2 , pH 4.5) in a 1.0-cm cuvette, with or without 0.1% CaCl 2 , to a final concentration equivalent to an A 600 of 2.0. After 5 min of vigorous agitation, the optical density of the yeast suspensions in the presence or absence of Ca 2ϩ was measured. Flocculation ability was determined by the following equation: C ϭ 1 Ϫ B/A, where A is the A 600 without Ca 2ϩ , B is the A 600 with Ca 2ϩ , and C is the flocculation ability. Negative values were regarded as being equal to zero. To investigate sugar inhibition, a final concentration of 1 M sugar was added in flocculation buffer unless some other concentration is described.
For rough determinations, the yeast cells were washed twice with 0.1 M EDTA and twice with sterile water and resuspended in flocculation buffer with or without a final concentration of 1 M sugar; flocculation ability was then determined with the naked eye as follows: ϩϩ, all cells in buffer aggregate into flocs; ϩ, some cells aggregate into flocs, but cells suspended without aggregation remained; Ϫ, no flocs can be observed.
DNA sequencing. DNA sequencing was performed by the dideoxy chaintermination method (20) with a DNA Sequencing System (Perkin Elmer). Oligonucleotides were synthesized and used as primers. The results of sequencing were analyzed with the DNASIS program (Hitachi Software Engineering, Yokohama, Japan).
Southern and Northern analysis. Total DNA for use in Southern analysis was prepared according to Hereford et al. (11) . HyBond-Nϩ (Amersham) was used for Southern blotting according to the manufacturer's instructions. Total RNA for Northern analysis was isolated by the method of Eliton and Warner (8) from cells grown for 48 h at 20°C with shaking. GeneScreen Plus (DuPont) was used for Northern blotting according to the manufacturer's instructions. A DNA fragment of approximately 1 kb containing the proximal C-terminal region of the FLO1 gene was used to probe the FLO1 gene transcript. As a probe for the ACT1 gene, the coding region of the ACT1 gene was amplified by PCR and used.
Nucleotide sequence accession numbers. The DNA sequences of the Lg-FLO1 gene (5Ј and 3Ј regions) are available in the DDBJ, EMBL, and GenBank databases under accession numbers D89860 and AB003521, respectively.
RESULTS
Genetic analysis of the gene homologous to FLO1 in the NewFlo-type flocculation strains. Since little was known about the FLO1 gene or its homologue in NewFlo-type flocculation strains, genetic analysis of the FLO1 gene in a NewFlo-type flocculation strain was carried out. It has been reported that most of bottom-fermenting yeast strains are amphiploid (6) and aneuploid (3, 4) , and sporulation efficiencies of these strains are low. As a result of rare meiosis of the NewFlo-type flocculation strain KBY001, both flocculent and nonflocculent segregants were obtained. Southern and Northern analyses of these strains were performed with the FLO1 gene as a probe. The results are shown in Fig. 2 . Four HindIII fragments of approximately 9.5, 5.4, 4.8, and 3.7 kb were observed in the parental KBY001 DNA. Two HindIII fragments of 4.8 and 3.7 kb were found to be common to all segregants. A 5.4-kb HindIII fragment could not be found in any segregants. However, a 9.5-kb HindIII fragment was detected only in flocculent segregants. The gene encoded on this fragment that was homologous to FLO1 was named Lg-FLO1 (Lager-type FLO1 gene). Moreover, mRNA homologous to the FLO1 gene was detected only in the flocculent segregants. The size of this mRNA was larger than that of the FLO1 gene in S. cerevisiae. These results suggest that the Lg-FLO1 gene plays an important role in the NewFlo-type flocculation phenotype. The restriction map of the Lg-FLO1 gene was constructed with the results of Southern analysis of the flocculent and nonflocculent segregants (Fig. 3) . The restriction maps of the FLO1 and Lg-FLO1 genes differed from each other, suggesting that Lg-FLO1 is a novel gene.
Cloning and characterization of the Lg-FLO1 gene. Attempts to clone the full-length Lg-FLO1 gene using probes homologous to the known DNA sequence of the FLO1 gene ended in failure, because this gene could not be maintained in the E. coli strains generally used in genetic manipulation. Therefore, we obtained this gene by a combination of inverse PCR and PCR. The cloning strategy is illustrated in Fig. 3 . By using homology with the C terminus of the FLO1 gene, the 5.6-kb KpnI fragment from region a to region b (Fig. 3 ) was cloned and the DNA sequence of the fragment from region a to region f was determined. With this result, a set of primers labeled c and d (Fig. 3) were synthesized and used for inverse PCR to amplify the 8.2-kb fragment labeled g, in which two HindIII sites of e and f were ligated to each other. The DNA sequence from region h to region i was partially determined, and a set of primers labeled j and k were synthesized and used to amplify the 9-kb fragment labeled l. The restriction map of this fragment coincided well with the theoretical map shown in Fig. 3 , suggesting that a fragment containing the full-length Lg-FLO1 gene was obtained.
To confirm whether the Lg-FLO1 gene confers NewFlo-type flocculation ability on yeast cells, the 9-kb fragment labeled l in Fig. 3 was ligated into pYT71 and introduced into the flo1-disruptant strain KY644. The flocculation phenotype of the resulting transformant was compared with that of a transformant with the FLO1 gene-bearing plasmid pKB635. The result is shown in Table 1 . The transformant with the Lg-FLO1 gene revealed Ca 2ϩ -dependent flocculation ability. Furthermore, flocculation of this transformant was inhibited by mannose, glucose, and maltose but not by galactose, which is typical of NewFlo-type flocculation strains. On the other hand, flocculation of the transformant with the FLO1 gene was inhibited by mannose but not by glucose, maltose, or galactose, which is typical of Flo1-type flocculation. The transformant with the vector revealed no flocculation. These results suggest that the Lg-FLO1 gene in the NewFlo-type flocculation strain is responsible for this phenotype.
The relationship between sugar concentration and flocculation inhibition of two phenotype transformants was also investigated. The results are shown in Fig. 4 . Flocculation of NewFlo-type transformant KY650 was inhibited completely by 0.04 M mannose (Fig. 4B) , while 22% flocculation of the Flo1-type transformant KY651 still occurred in the buffer with 1 M mannose compared with flocculation without mannose (Fig. 4A ). This result suggested that flocculation of the NewFlo-type transformant is inhibited more easily than that of the Flo1-type transformant by mannose. Furthermore, the concentrations of mannose and glucose required for flocculation inhibition of KY650 differed; the concentrations of mannose and glucose required for complete inhibition of flocculation were 0.04 M and 0.16 M, respectively (Fig. 4B) . This result suggested that affinity of the lectin-like protein involved in NewFlo-type flocculation for mannose is stronger than that for glucose.
DNA sequences of the N and C termini of the Lg-FLO1 gene.
Since the full-length Lg-FLO1 gene could not be maintained in E. coli, only partial DNA sequences of the N and C termini were determined. The sequence data are shown in Fig. 5 and Fig. 6 . The 694-bp N terminus contains a 636-bp open reading frame which has 61.7% identity with the corresponding region of the reported FLO1 gene, while the 2,903-bp C terminus contains a 2,550-bp open reading frame which has 55.1% identity with the corresponding region of the reported FLO1 gene. By use of these DNA sequences and the restriction map of the Lg-FLO1 gene shown in Fig. 3 , the length of the open reading frame of this gene was calculated to be 5.8 kb, which is longer than the coding region of the reported FLO1 gene (4,611 bp) (37) . This result is consistent with the Northern analysis, in which the Lg-FLO1 gene was larger than the FLO1 gene (Fig.  2) . Both 5Ј and 3Ј flanking regions of the Lg-FLO1 open reading frame share no significant homology with the corresponding regions of the FLO1 gene. The sequences of S. cerevisiae S288C with the highest homology in these regions were found to be in the 5Ј noncoding region of open reading frame YHR211 (chromosome VIII) and in the 3Ј noncoding region of open reading frame YAL065 (chromosome I), respectively.
Since the sugar-binding domain of the Flo1 and Lg-Flo1 proteins has been supposed to be in the N termini (32, 37) , the putative amino acid sequences of this region of these proteins were compared. The 240-amino-acid sequences of this region of Flo1 and the corresponding region of Lg-Flo1 are shown in There is little difference in the sequences from amino acids 209 to 240 of the Flo1 and Lg-Flo1 proteins (Fig. 7) . However, residues from amino acid 226 to amino acid 230 of these sequences are not homologous. Furthermore, threonine 236 in the Flo1 protein, which has the potential to make a hydrogen bond, is replaced with valine in the Lg-Flo1 protein, which does not make a hydrogen bond. To determine which residues are involved in NewFlo-type flocculation, mutations were introduced into this region by PCR in clone P202T/Lg(209-240). Chimeric FLO1/Lg-FLO1 genes were then introduced into KY794, and the flocculation phenotypes of the transformants were investigated. Furthermore, the 5Ј region of the chimeric FLO1/Lg-FLO1 genes in the transformants were amplified by PCR, and their DNA sequences were determined. The results are summarized in Fig. 9 . Flocculation of transformants could be classified into three phenotypes: Flo1 type, NewFlo type, and an intermediate phenotype in which flocculation was partially inhibited by glucose. All transformants which showed NewFlo-type or an intermediate phenotype flocculation possessed chimeric genes with leucine 228. On the other hand, all transformants which showed Flo1-type flocculation possessed chimeric genes with tryptophan 228. Additionally, NewFlotype flocculation transformants possessed chimeric genes in which the amino acid residue 226 was G or R, while the intermediate phenotype flocculation transformants possessed chimeric genes in which the amino acid residue 226 was V or I. On the basis of these results, it is suggested that leucine 228 is required for NewFlo-type flocculation and that the amino acid residue 226 also affects the flocculation phenotype.
To investigate sugar inhibition of intermediate phenotype flocculation in detail, concentrations of sugars required for flocculation in VSWGT-A (Flo1 type) and VSLGT-T (intermediate phenotype) were compared. The results are shown in Fig. 10 . No significant differences were found between inhibition of flocculation of these strains by mannose and inhibition by galactose. On the other hand, inhibition of flocculation of these strains by glucose differed; flocculation inhibition of VSWGT-A by glucose was as little as inhibition by galactose, while flocculation of VSLGT-T was inhibited to 41% by 1 M glucose compared with flocculation without glucose (compare Fig. 10A and Fig. 10B ).
DISCUSSION
Yeast flocculation is considered to result from an interaction between a lectin-like protein and a mannose chain present on the cell surface. Though the FLO1 gene is supposed to encode the lectin-like protein involved in flocculation, direct proof has not yet been reported. Much effort has gone into the study of the FLO1 gene of Flo1 phenotype strains, while little is known of the FLO1 homologue of NewFlo phenotype strains. In this study, attention was focused on the FLO1 homologue in strains with distinct flocculation phenotypes distinguished by sugar inhibition.
A new homologue, Lg-FLO1, is strongly believed to govern flocculation ability in NewFlo-type strains for the following reasons. Attempts to clone either the full-length Lg-FLO1 gene from a genomic phage library of KBY001 or the 9.5-kb HindIII fragment shown in Fig. 2 ended in failure. Although a plasmid bearing the full-length Lg-FLO1 gene could be constructed in S. cerevisiae, transformation of E. coli DH5 by this plasmid was not successful (unpublished data). Therefore, it was concluded that the full-length Lg-FLO1 gene could not be maintained in E. coli. It has been reported that the copy number of the highly repetitive sequence in the FLO1 gene is reduced easily in E. coli (2, 32, 37) . Since either N-or C-terminal region of the Lg-FLO1 gene could be maintained stably in E. coli, the highly repetitive sequence in the middle of this gene is supposed to be unstable in E. coli.
The DNA sequence highly homologous to the 5Ј and 3Ј flanking regions of the Lg-FLO1 gene was found in chromosomes VIII and I, respectively, of S. cerevisiae S288C. In the genome of S. cerevisiae S288C, there are seven open reading frame sequences sharing homology with the FLO1 gene (33); YAR050, which is the FLO1 gene, and YAR061/062 on the right arm of chromosome I; YAL063 and its pseudogene YAL065, on the left arm of chromosome I; YHR211, which has been suggested to be the FLO5 gene (1, 34) , and its pseu- dogene YHR213, on the right arm of chromosome VIII; and YKR102, on the right arm of chromosome XI. Furthermore, Southern analysis of the chromosomes separated by pulsedfield gel electrophoresis showed that the Lg-FLO1 gene is located on the chromosome that is the same size as chromosome VIII (unpublished data). Therefore, it is supposed that the Lg-FLO1 gene originated from a recombination between YHR211 and YAL065 after these homologues had been generated by duplication and translocation.
Recent studies have suggested that the Flo1 protein is a cell wall protein located on the cell surface (2, 5, 30) . In this study, the FLO1 and Lg-FLO1 genes conferred the Flo1-type and NewFlo-type flocculation phenotypes, respectively (Table 1) . Since Flo1-type flocculation is inhibited by mannose but not by glucose, while NewFlo-type flocculation is inhibited by both of these sugars (29) , this result strongly suggests that the FLO1 and Lg-FLO1 genes encode a mannose-specific protein and a mannose/glucose-specific lectin-like protein, respectively.
Amino acids 26 to 40 of the Lg-Flo1 protein had complete identity with the reported partial amino acid sequence of the cell wall protein flocculin (30) , suggesting that the Lg-Flo1 protein and flocculin are identical. The putative amino acid sequence of the Lg-Flo1 protein contains an additional 24 amino acid residues in the N-terminal region, suggesting that this region is a signal sequence for secretion. Although Straver et al. could not detect mannose-binding activity in flocculin, there is a possibility that more sensitive methods may detect this activity with the Flo1 or Lg-Flo1 protein.
Replacement of the N terminus of the Flo1 protein by the corresponding region of the Lg-Flo1 protein caused conversion from Flo1-type to NewFlo-type flocculation, suggesting that the N-terminal regions are responsible for sugar recognition in the Flo1 and Lg-Flo1 proteins (Fig. 8) . This finding coincided with the previous suggestion that the Flo1 protein exposes its N-terminal region to the exterior which is involved in flocculation (32, 37) . Therefore, we investigated the region responsible for sugar recognition in the N termini of Flo1/Lg-Flo1 proteins by comparing the differences between the sequences and the characteristics of these proteins. The region spanning amino acids 197 to 240 of the Lg-Flo1 protein appears essential for recognition of glucose. Moreover, the regions from amino acids 197 to 208 and from amino acids 209 to 240 are considered to be required for the recognition of glucose. The loss of flocculation ability in clone Lg(209-240) suggests that the region from amino acid 209 to amino acid 240 of the Flo1 protein is essential for mannose recognition and that this region of the Lg-Flo1 protein is unable to recognize either mannose or glucose. The phenotypes of clones P202T and P202T/Lg(209-240) suggest that threonine 202 interacts with mannose and glucose when the region from amino acid 209 to amino acid 240 is unable to bind mannose. The flocculation phenotypes of the FLO1/Lg-FLO1 chimeras with amino acid replacements suggest that tryptophan 228 must be replaced by leucine to produce a flocculation phenotype inhibited by glucose (Fig. 9) . However, it is also suggested that the amino acid residues neighboring leucine 228, especially amino acid residue 226, affect the flocculation phenotype.
During detailed investigation of sugar inhibition of flocculation, it was observed that flocculation of either the NewFlo type or the intermediate phenotype can be inhibited more by mannose than by glucose (Fig. 4 and 10) , suggesting that the difference between these phenotypes was caused only by strength of flocculation ability. The amino acids of the Flo1 protein in VSLGT-T that are different from those in VSWGT-A are only leucine 228 and threonine 236, which caused partial inhibition by glucose. Since threonine 236 was found in the original Flo1 protein, which confers Flo1-type flocculation ability, it is suggested that this amino acid residue is not responsible for flocculation of VSLGT-T inhibited by glucose. Therefore, this result also suggests that tryptophan 228 must be replaced by leucine to produce a flocculation phenotype inhibited by glucose. Numerical data could not be obtained for the flocculation ability of the NewFlo-type strains with amino acid substitutions, because the flocculation ability of the NewFlo-type strains, in which the FLO1/Lg-FLO1 chimera was controlled by the TDH3 promoter, was weak. Therefore, it is possible that the amino acid replacement in the FLO1/Lg-FLO1 chimeras has not produced a NewFlo-type flocculation which is inhibited by mannose more easily than by glucose.
From the results of this study, we propose the following model for sugar recognition by the Flo1 and Lg-Flo1 proteins (Fig. 11) . The only difference between the structure of mannose and that of glucose is the orientation of the C-2 hydroxyl group. The domain formed by tryptophan 228 and its neighboring amino acid residues in the Flo1 protein recognizes the C-2 hydroxyl group of mannose but does not recognize the C-2 hydroxyl group of glucose. In the Lg-Flo1 protein, the domain formed by leucine 228 and its neighboring amino acid residues does not recognize the C-2 hydroxyl group of either mannose or glucose, while threonine 202 probably interacts with another hydroxyl group, allowing recognition of both mannose and glucose. The C-4 hydroxyl group is supposed to be one of the candidates with which threonine 202 interacts, because galactose cannot inhibit NewFlo-type flocculation. The difference between the structure of glucose and that of galactose is the orientation of the C-4 hydroxyl group.
In this study, it was found that modification of two regions was required to change the mannose-specific sugar recognition pattern of the Flo1 protein to the mannose/glucose-specific pattern. In other words, function is well conserved between the Flo1 and Lg-Flo1 proteins. It is known that lectins have diverse molecular architectures (38) , and it has been reported that the topological similarity between two lectins, which share no homology, is conserved (16) . Therefore, it is suggested that the Flo1 and Lg-Flo1 proteins have important biological functions in nature. Smit et al. reported that flocculation of S. cerevisiae is induced by nutrient limitation (25) . Furthermore, it should be noted that some of flocculation genes are also involved in filamentous growth (14, 15) , which is induced by nitrogen starvation (9) . Accordingly, yeast flocculation is supposed to be an important characteristic in an environment with scarce nutrients. However, further work is needed to determine the role of flocculation in nature.
